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Mechaniodl Propertiss of Hastelloy Sheet Alloy R-235
at Cryogenic Tesperstures a4 l),p{
I

Hastelloy alley R-235 is a nickel base alloy develeped
for high tempersture (to 1750°F) service, It was the
purpose of this imvestigation to determine the appli-
eablility of this alloy for structural uses at eryogenie
temperatures, Parent metel and welded tensile properties
and toughness, as determined by notched (K¢ = 6,3) tensile
strengths and noteched/unnotched tensile retios, were
evaluated at 78°, -100°, -320® and -{23°F, The alloy

vas tested in the annealed and two aged conditions,

' prdnﬁ indfoste that the R-235 alloy remains as tough at

cryogenic temperatures (to ~423°F) as i¢ is at room temp-
arature for the conditions tested, This alloy does have
a rather lov yleld strength to density ratio as compared to

other bigh strength sheet materials (e.g. 60% C,R,, 301 8.8.,_

2014~76 Al., Ti-5A1-2.5Sn), hovever may find appliocstion
if service conditions range from very low (to «423°F) to
quite high (1750°F) temperatures,
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SUBJECTs Mechanicsl Preperties of Hastelloy Sheet Alley B-235
at Cryogenic Temperatures

ANTRORUCT TONs

There are several proposed vehicles, such as recoverable boosters,
powered re-entry vehicles, eto., which require structural materials
wvith high strengths and adequate toughness over the temperature range
of «~423°F te + 1600-~1800°F, These temperatures are sncountered in
service dus to the proposed use of liquid oxygen (b.p. of ~2979F) and
liquid hydrogen (b.p. of -423°F) as propellants and due to the
frictional hesating during atmospheric re-entry, It vas the purpose
of this investigation to determine if Hastelloy R-233 alloy, which
has good high temperature properties (to +1750°F), may be used for
structural applications at crysgenic temperatures,

R=235 is a vacuum melted nickel base alloy whieh ocontains aluminum
and titanium for precipitation hardening, It is the presence of the
Fi; (A1-T1) precipitates which account for the alloys high temperature
strength, The alloy: &s resdily available in many forms (sheet, plate,
wire, bar, tubing and forging stock) and can be easily fabricated
(wethided; - forigd, aed. resistance and fusion welded), R-235
possesses good high temperature oxidation resistance, resists over-
aging at elevated temperaturss, and may be easily heat treated.

MATERIALS:
A sheet of 0,015 inch thick R-235 alloy was supplied by Haynes -
Stellite Company to perform the test work, The chemical analysis

and physioal properties of this materiasl are given in Table 1, The
Alloy was tested in the as-received (annealed - 2150°7, A. C,) and

oo agd sonditions.

Binnhtnr tenaile .poeiﬁo, 9% x 13", vere identified and sheared,

Pansls of the alley vers insrt-arc fusion welded or production
equipment, 1dentified, and sheared into tensile bisnks. Some of the
tonsile blanks vere aged in the Materjals Research Group heat-

- treating' laborstory. Two different aging treatments vers employed.

One growp inclading welded was aged at 1450°F for 24 bours

‘and air ‘osoled. Other specimen b were aged at 1600°F for 20.
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minutes followed by air cooling. Smeoth and welded specimens were
mechined per EMG-D-1 and notched specimens per MRG-D-10, Notoh ®A®,
Notehed specimens wvere inspected and measured by an optical comparator,
Tests wvore performed at 78°F (roem ture), -100°F (by immersion
in & bath of a dry ioe-alochol mixturs), -320°F (immersion in

liquid nitrogen) and ~423°F (immersion in liquid hydrogen). Strain
rates vere 0,001 1n/in/nin, until 0.2% offset yield and 0,15%/min
until failure, Total elongetions on smooth and welded specimens wvere
deternined over a 2" gauge length, Strsin measurements vere made

by use of extensometers and continuous stress-strain recordsrs.
RESULTS AND DISCUSSION:

The tensile, weld tensile and notched tensile properties of R-235.
alloy at 78, =100, =320 apd -423°F are given in Tables 2 through 4,
Table 2 gives the properties of the alloy in the as-received condition,
There is e continuous incresse in the parent metal yield and tensile
strengths, weld tenszile strength, and notched tensile strength with
decreass in temperature from 78°F to ~423°F, The yleld/density

(about 200,000 in 1lbe/1t) and strength/density (ebout 400,000 in 1bs/Ib)
ratios at 789F are quite low as compared with other high strength
sheet alloys such as 60% C.R, 301 S.S., 201476 aluminum and Ti-5A1-
2,5 Sn which have yleld/density ratios of about 600,000 in 1bs/1b,
Elongations of parent metal and welded specimens were nearly the

same at all testing temperatures, Weld joint efficiency decreased
from 96% at 78°F to 84% at ~4239F, Notched tensile strengths inoreased
at abont the ssme rate as smooth tensile strengthe with decresse in
testing temperature. Therefors, notched/unnotched tensile ratios
remained about the same from 78° to =423°F, The notched/unnotched
tensile strengih ratiocs vere quite low, from 0,77 ‘to 0.85., It is not
presently understood why the annealed or solution treated conditions
of certain nickel and aluminum base alloys have lower notched/unnotched
tensile strength ratios than do the aged conditions of the same

elloys, This type of behavior has been noted before in Rame' 41 and
202, Al, (Ref, Reports MRG-164 and -190). However, the notched test
data indicate that the annealed materiesl is as tough at ocryogenioc
tenparstures as it i{s st rooa temperature, '

Table ) gives the data obtained om the R-235 alloy in the 14509F,

2, hr, A0, aged condition and Table 4 give the data on the 160097,

20 nin,, A.C, sged material., These two aging treatnments are resommended
for thi$ sheet B-235 alloy. The yield, tensile, weld tensile and
‘notebed Senslle strengths increase with decresse in testing temp-
srajure, Joint efficiencies are nearly 100% at all testing temperatures.
- Notehad/ tensile strength ratios inorease with decrease in

' tamperstire lndicating that the resistance to brittle frasture at

. 0Fyogenic temperatures is as great as or greater than at reom temp-
‘srature. The yield and tensile strength of the 1450°F aged material
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are 5~10f higher than for the materisl aged at 1600°P,

Based on the data obtained in the present investigation it is be
lieved that R-235 sheet alloy retains adequate to ess for
struotural applications at cryogenic temperatures (%o «4239F) in
either the annealed or aged (1450°F or 1600F) conditions, Becaase
of the low strength/density ratio, the R-235 alloy would prebsbly

be limited to only thome applications where service conditions would
range from very low (e.g. ~423°F) to quite high (1750°F) temperstures.
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" x . v
Composition Typical Composition##
Element
Cr 15.48 1 - 17
Fe 9.98 9-1
c 0.12 0.16 max,
Si 0.3 l..pO max,
Co -0.39 2,50 max,
Mn 0.02 1,00 max,
Mo 5.58 4.5 = 6,5
P 0,001
S 0.006
A 1,80 1,75 - 2.25
T1 2,61 .25 = 2,75
B 0.004
¥i Bal. Bal,
Eroperties et Room Temperature
Pey (0.2% offset) - 61,425 psd
F 113,485 pei

tu
Elong. (over 2%) - 34.0%

*Certified Report from Haynes Stallite Company, dated 17 Mey 1960
®4Hastelloy Alloy E-235" Haynes Stallite Company, March 1958
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